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Form PCT/lPEA/409 (cover sheet) (January 1994) 



INTERNATIONAL PRELIMINARY 
EXAMINATION REPORT 



International application No. PCT/US01/22762 



i. Basis of the report 

1 With reqard to the elements of the international application (Replacement sheets which have been furnished to 
' the receiving Office in response to an invitation under Article 14 are referred to in this report as "onginally filed 
and are not annexed to this report since they do not contain amendments (Rules 7u. 16 and 70. 1 7fr 
Description, pages: 



2-5,7 
1,6 



as originally filed 
as received on 



04/03/2002 with letter of 



22/02/2002 



Claims, No.: 

1-4,6-11,13-35 



as received on 



04/03/2002 with letter of 



22/02/2002 



Drawings, sheets: 

1/5-5/5 as originally filed 



2 With regard to the language, all the elements marked above were available or furnished to this Authority in the 
* language in which the international application was filed, unless otherwise indicated under this item. 

These elements were available or furnished to this Authority in the following language: , which is: 

□ the language of a translation furnished for the purposes of the international search (under Rule 23.1 (b)). 

□ the language of publication of the international application (under Rule 48.3(b)). 

□ the language of a translation furnished for the purposes of international preliminary examination (under Rule 
55.2 and/or 55.3). 

3 With regard to any nucleotide and/or amino acid sequence disclosed in the international application, the 
" international preliminary examination was carried out on the basis of the sequence listing: 

□ contained in the international application in written form. 

□ filed together with the international application in computer readable form. 

□ furnished subsequently to this Authority in written form. 

□ furnished subsequently to this Authority in computer readable form. 

□ The statement that the subsequently furnished written sequence listing does not go beyond the disclosure in 
the international application as filed has been furnished. 

□ The statement that the information recorded in computer readable form is identical to the written sequence 
listing has been furnished. 

4. The amendments have resulted in the cancellation of: 
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□ the description, pages: 

□ the claims, Nos.: 

□ the drawings, sheets: 

5. □ This report has been established as if (some of) the amendments had not been made, since they have been 

considered to go beyond the disclosure as filed (Rule 70.2(c)): 

(Any replacement sheet containing such amendments must be referred to under item 1 and annexed to this 
report.) 

6. Additional observations, if necessary: 



V. Reasoned statement under Article 35(2) with regard to novelty, inventive step or industrial applicability; 
citations and explanations supporting such statement 

1. Statement 

Noveitv(N) Yes: Claims 4,6,11,13,18,19,21-29 

^ l ' No: Claims 1,2,3,7,8,9,10,14,15,16,17,20,30-35 

Inventive step (IS) Yes: Claims 

No: Claims 4,6,11,13,18,19,21-29 

Industrial applicability (IA) Yes: Claims 1 -4,6-1 1 , 1 3-35 

No: Claims 

2. Citations and explanations 
see separate sheet 
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Re Item V 

Reference is made to the following documents: 

D1 : EP-A-0 725 289 (SEIKO GIKEN KK) 7. August 1 996 

D2: PATENT ABSTRACTS OF JAPAN vol. 2000, no. 06, 22. September 2000 & JP 

2000 066053 A (FUJIKURA LTD), 3. March 2000 
D3: PATENT ABSTRACTS OF JAPAN vol. 2000, no. 06, 22. September 2000& JP 

2000 066054 A (FUJIKURA LTD), 3. March 2000 
D4: EP-A-0 540 386 (THOMSON CSF) 5. May 1993 

D5: PATENT ABSTRACTS OF JAPAN vol. 1999, no. 14, 22. Decembre 2000 
JP1 1258453 FUJITSU LTD), 24. September 1999 

The document D5 was not cited in the international search report. A copy of the 
document is appended hereto. 

1.1 Document D1 discloses a method for improving the extinction ratio of a grouping 
of polarisation maintaining fibres comprising (see figures 2 and 5, and col. 7, line 
14 - col. 8, line 38, and col. 1 1 , line 32 - 39): providing a plurality of polarisation 
maintaining fibres (15, 16, 17, 18), said polarisation maintaining fibres each ha- 
ving corresponding principal axes (i.e. the axes X1-X1 , X2 - X2, Y1- Y1, and Y2- 
Y2, and X -X, and Y -Y shown in figures 2 and 5); disposing said plurality of polari- 
sation maintaining fibres together as a grouping, said grouping having correspon- 
ding secondary axes; and aligning each said plurality of polarisation maintaining 
fibres such that said corresponding principal axes of each said plurality of said 
polarisation maintaining fibre and said secondary axes of said grouping intersect 
at a predetermined angle (as can be seen in the figures, see also col. 8, line 5 - 9) 
while maintaining distinct optical transmission paths in each of said fibres in said 
grouping. 

Thus all features of the method of claim 1 are known in combination from the 
method described in document D1 and the subject-matter of claim 1 is thus not 
new in the sense of Article 33(2) PCT. 

In this context it should be noted that the method of claim 1 is also anticipated by 
the methods described in document D2 and D3: 

Documents D2 and D3 disclose a method for improving the extinction ratio of a 
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grouping of polarisation maintaining fibres comprising: providing a plurality of pola- 
risation maintaining fibres (D2: 11; D3: 5), said polarisation maintaining fibres 
each having corresponding principal axes (D2: 18; D3: 4; and the axes orthogonal 
thereto); disposing said plurality of polarisation maintaining fibres together as a 
grouping, said grouping having corresponding secondary axes; and aligning each 
said plurality of polarisation maintaining fibres such that said corresponding princi- 
pal axes of each said plurality of said polarisation maintaining fibre and said 
secondary axes of said grouping intersect at a predetermined angle (as can be 
seen in the figures, see also the abstract) while maintaining distinct optical trans- 
mission paths in each of said fibres in said grouping. 

1 .2 Figures 2 and 5 of document D1 also show an apparatus which improves the ex- 
tinction ratio of a grouping of polarisation maintaining fibres comprising (see fi- 
gures 2 and 5, and col. 7, line 14 - col. 8, line 38): a plurality of polarisation main- 
taining fibres/fibre means (1 5, 1 6, 1 7, 1 8), said polarisation maintaining fibres 
each having corresponding principal axes (i.e. the axes X1 - X1 , X2 - X2, Y1- Y1 , 
and Y2 - Y2 shown in figures 2 and 5); said plurality of polarisation maintaining 
fibres/fibre means being disposed together as a grouping, said grouping having 
corresponding secondary axes ; and whereby each said plurality of polarisation 
maintaining fibres/fibre means is aligned such that said corresponding principal 
axes of each said plurality of said polarisation maintaining fibre/fibre means and 
said secondary axes of said grouping intersect at a predetermined angle (as can 
be seen in the figures, see also col. 8, line 5 - 9) while maintaining distinct optical 
transmission paths in each of said fibres in said grouping. 

Thus all features of the apparatuses of claims 8 and 15 are known in combination 
from the apparatus described in document D1 and the subject-matter of claims 7 
and 13 is thus not new in the sense of Article 33(2) PCT. 

The apparatuses of claims 8 and 15 are also anticipated by the apparatuses 
shown in documents D2 and D3: 

The appartuses shown in D2 and D3 comprise a plurality of polarisation 
maintaining fibres/fibre means (D2 11; D3: 4), said polarisation maintaining fibres 
each having corresponding principal axes (i.e. the axes 18 and 4 the axes ortho- 
gonal thereto); said plurality of polarisation maintaining fibres/fibre means being 
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disposed together as a grouping, said grouping having corresponding secondary 
axes ; and whereby each said plurality of polarisation maintaining fibres/fibre 
means is aligned such that said corresponding principal axes of each said plurality 
of said polarisation maintaining fibre/fibre means and said secondary axes of said 
grouping intersect at a predetermined angle (as can be seen in the figures, see 
also the abstracts) while maintaining distinct optical transmission paths in each of 
said fibres in said grouping. 

1.3 Dependent claims 2 - 4, 6,7, 9-11,13, 14, 16 -20, and 30 - 35 do not contain any 
features which, in combination with the features of any claim to which they refer, 
meet the requirements of the PCT in respect of novelty or inventive step. The 
reasons for these objections are: 

maims 9 -4. 6.7.9-1 1- 13. 14. 16-20 

The fibres shown in figures 2 and 5 of document D1 are already fibres with a 
stress applying part (i.e. fibres with a core and two parallel hollow stress applying 
cladding parts, as can be seen in the figures 2 and 5) and the principal fibre axes 
intersect with the axes of the grouping at angles of approximately 0° or 90°. Other 
generally known polarisation maintaining fibres which use stress applying parts (in 
order to induce a birefringence in the core of the fibre) are the so called PANDA 
and the BOWTIE fibres (see e.g figures 1c and 1d of document D4). It is further- 
more immediately obvious that the method and the apparatus described with res- 
pect to figures 2 and 5 of document D1 which show a special kind of polarisation 
maintaining fibres have the same effect (i.e. improving the extinction ratio in an 
optical device using the method/the apparatus of claims 1 ,8, or 15) if another 
polarisation maintaining fibre with stress applying parts is used. 

The subject-matter of claims 2, 3, 7, 9, 10, 14, 16, 17, and 20 is thus not new in 
the sense of Article 33(2) PCT and the subject-matter of claims 4, 6, 1 1 , 13, 18, 
and 1 9 does not involve an inventive step in the sense of Article 33(3) PCT. 

Claims 30 - 35 

The fibres of the method and the apparatus described with respect to figures 2 
and 5 of document D1 are already affixed with epoxy (see col. 8, line 10-22) and 
the alignment of the fibres is not disturbed after curing the adhesive (as can be 



Form PCT/Separate Sheet/409 (Sheet 3) (EPO-April 1997) 



INTERNATIONAL PRELIMINARY International application No. PCT/U S0 1/22762 
EXAMINATION REPORT - SEPARATE SHEET 

concluded from col.8, line 23 - 38 of D1). Consequently the light travelling trough 
the fibres maintains its polarisation direction also throughout the curing process of 
the epoxy. 

The subject-matter of claims 30 - 35 is thus not new in the sense of Article 33(2) 
PCT. 

2.1 Figure of document D5 shows a polarisation beam splitter/combiner comprising: 
a body (1 20a-1 ) and a pigtail pair (21 1 , 221 ) optically coupled to said body; the 
pigtail pair comprises a plurality of polarisation maintaining fibres (21 1 , 221) with 
corresponding principal axes disposed together as a group with corresponding 
secondary axes (as can be seen in figure 1); each of the fibres is aligned such 
that said corresponding principal axis intersect the secondary axes of the group at 
a predetermined angle while maintaining distinct optical transmission paths in 
each of the fibres of the group. 

The polarisation beam splitter described in D5 differs from the polarisation beam 
splitter/combiner of claim 21 in that the body is not coupled to a single mode fibre. 

Mixing and splitting optical signals with different polarisation states is, however, • 
generally known in the field of optical data transmission. Also generally known in 
this field is the use of polarisation beam splitter coupled to conventional single 
mode and polarisation maintaining optical fibres in order to mix and split the 
optical signals (see e.g. figures 2, 3, and 4 of D5). Furthermore it is immediately 
obvious for the skilled person that the polarisation beam splitter shown in figure 1 
of document D5 is suitable for coupling to a single mode fibre if such a coupling is 
desired. 

The subject-matter of claim 21 therefore does not involve an inventive step in the 
sense of Article 33(3) PCT. 

2.2 Dependent claims 22 - 29 do not contain any features which, in combination with 
the features of any claim to which they refer, meet the requirements of the PCT in 
respect of inventive step. The reasons for these objections are: 

maims 92, 23. and 24 

The fibres of the pigtail pair of the polarisation beam splitter shown in figure 1 of 
document D5 are already disposed within a ferrule (1 1 1-A1) and fixed therein (see 
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abstract). Fixing fibres into ferrules with a curable epoxy which is hardened 
(cured) after alignment of the fibres into the ferrule, on the other hand, is a con- 
ventionally used method (see e.g. D1 : col. 8, line 10-22) and obvious to apply for 
the skilled person. Consequently, the light travelling trough the fibres ma.ntains its 
polarisation direction also throughout the curing process of the epoxy. The sub- 
ject-matter of claims 22, 23, and 24 therefore does not involve an inventive step in 
the sense of Article 33(3) PCT. 



r.iaimR 25 and 26 

The fibres of the polarisation beam splitter shown in figure 1 of document D5 
intersect the axes of the fibre group already at angles of approximately 0° or 90°. 
The subject-matter of claims 23 and 24 thus does not involve an inventive step in 
the sense of Article 33(3) PCT. 

r.laims 27. 2 8. and 29 

The fibres shown in figure 1 of document D5 are already fibres with a stress 
applying part (i.e. fibres with a core and two parallel hollow stress applying 
cladding parts, as can be seen in the figures 2 and 5). Other generally known 
polarisation maintaining fibres which use stress applying parts (in order to induce 
a birefringence in the core of the fibre) are the so called PANDA and the BOWTIE 
fibres (see e.g figures 1c and 1d of document D4). It is furthermore immediately 
obvious that polarisation beam splitter described with respect to figure 1 of docu- 
ment D5 which shows a special kind of polarisation maintaining fibre works m the 
same manner and with the same effects if another polarisation maintaining fibre 
with birefringent stress applying parts is used. 

The subject-matter of claims 27, 28, and 29 thus does not involve an inventive 
step in the sense of Article 33(3) PCT. 

3 1 For the sake of completeness it should be noted that the application also does not 
fulfil the requirements of Article 6 PCT. The reasons for this objection are: 



3.2 



Three independent claims (claims 8, 15, and 21) with similar and overlapping 
scope render the nature of the invention unclear. 



3.3 It is not clear from the term "grouping with corresponding secondary axes" 



in 
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claims 1, 8, 15, and 21 what is meant. It is, however, understood from the 
description that two orthogonal symmetry axes of the "grouping", i.e. the fibre 
ensemble, are meant. 

A similar objection holds also for the term "principal axes" of the fibres. 

3.4 It is furthermore understood from the description that the angles at which the fibre 
symmetry axes and the symmetry axes of the fibre ensemble intersect are either 
0° or 90° in order to improve the extinction ratio of the fibre ensemble (see e.g. 
page 3, line 20 - 21 , page 5, line 29 - page 6, line 21 , page 7, line 22 - 30, and 
figure 5). It thus appears that the intersecting angle (i.e. either 0° or 90°) is a 
feature essential to the definition of the invention as described. 

Since independent claims 1 , 8, 15, and 21 do not contain this feature they do not 
meet the requirement following from Article 6 PCT taken in combination with Rule 
6.3(b) PCT that any independent claim must contain all the technical features 
essential to the definition of the invention. 

3.5 It is not clear which features of the apparatus and the polarisation beam splitter 
are to be defined by the methods defined in claims 23, 24, 32, 33, and 35. It is, 
however, understood from the description that the fibres are fixed by a curable 
epoxy and maintain in an aligned position. 
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ABSTRACT : PROBLEM TO BE SOLVED: To remarkably reduce mounting dimensions while keeping 
the conventional function as an optical circuit device, the required light resistance, 
reliability and manufacturing easiness in a polarized light synthesizer. 

SOLUTION: This polarized light synthesizer includes a lens assembly 110a-1 having a 
fixing member 1 1 1 a-1 for fixedly disposing the ends of plural optical fibers 21 1 , 221 
capable of propagating different polarized component light and a lens 112-1 for converting 
polarized component light of plural kinds emitted from the respective optical fibers 21 1 , 
221 to a collimate beam, wherein the synthesizer further includes a double refraction 
member 120a-1 for polarizing and synthesizing polarized component light of pluraJ kinds 
as the same optical axis by using a difference in refractive index characteristic between 
polarized component light of plural kinds emitted from the lens 112-1. 
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?5 1 0a~5 1 OdfcRMC 3fe7r>f><5 2 lfci 
y ^_ ^yX5 2 2 fc*fc£T«JftS*VC** 0 . 

ccoffi-^tn'j^-^5 2oi,. w*5 1 oopm-kbc 

ERSft.*-*. 3'J^-h^X522W»501 
2 2 Lfce*t*WK7 cas»3*i.4 

[00 1 9] «-9*3'J.X-*5 1 OefcflBfcaU*- 
^5 10a-5 10d*»J:lf«^*3 , J^-^5 2 0k 
H«fc.- *7r>f^5 11ei:3^-H^^5 12 

KR3*l*-:*f, 3'j^-M/^5 12*H»5 0 1 

*&A»3*ifc«*§#*=» y-^- M^*5 1 2 e £SI 

505 cm*rc asat*"* <k 3 kst-^t . 

[0 0 2 0] 7M VW5 0 6ii. «-9#3U*-* 
5 i 0efr&WDM5 0 5^lWFCA»3ft*«*^ 

0, «*I*3U.?«— *5 1 0 eW3t7r>(A'5 1 1 eld 
«i#*;UW-*fcl*tt^ «63>J^510a- 
5 1 0 dKK»$*iTV^*«-BWBU— F* 1 ^ **3KBi 
«#*7T^A'5 1 1 a— 5 1 1 dtCffl]ig3fc£ASt"?"& 

itcio. *nwe^na»5 iwtwsi. 46 

»2«#aiR*5 2tc4JVvafe*l • 4 8wmW 
««J:tfSS«ffliH*jWi^*3*U WDM 5 

* 5 1 0 e^^S**^"**^*** 6 ***- 

[0021] 4fc. BS*^3^***t*3«*£IR 
ttfc UT. 1 4 8 5 7 0#&«£fl&rc3*lrt: 

«Be^««W«n«»*iXV^. ^1^6-148 57 

o#^«cBi»s*utflaw>flwe^ja»e:ov^H 1 2 

fcJBvvcBHWtfc. ®1 2li*<^J£***»fc*'*- 
H"C* -S. . B 1 2 fc^i a fc. 

1MB!ftl&A3 , 6 . JfO&ttn y 1 , 5 

7-5,AW7T^l. 2«J:^fia7r-f^7«: 
**i.-C«jR«*iT* *) . r -T 1 . 2 Srilo 

v?7jft»6iWrt"* t>o"C*6 . 

[0022] «l!inSA3 , 6J4fc i.C'W <T i O 
3 . 6 fclfcV vc . *W*rtie:«*Lfc5tt4fllS*fc lt* 



officii. 7JJ3C7T-f^l.--2*«**t«l««$ 

<OflHfifilci±*£ttci -y KWXA 1 <o-agM* i i$l££ 

YVVXA l *>JJE— WBfcli* «BWftSA3fcife//C 
«BJ«SA6«,««S*VC*$9. d«0«St>f^ H 6<0flfe 

[0023] £*>J:3*flMMcJ:9. BBSl^ 

§rji^-caglff^ B B H 3 CTJJ^* * . XWt7 r 4 * 
1 , 23&»fe«7JH3Cli«3t*J il^lWKtt:***.^** 
fto •/ YWXA 1 HBSK^Jtf & . £ *i£tf>*A 

[0024] ^Sf^ B B B 6fcfcV->T . &?JltMt. M 

UWBlfftSAeoWrtKii (€Si7T-f ^7 fc^HK 

r ) "« 7 tc-^«§ SS^-fS . 
[0025] 

[^B^'M^Lidk-rSiliS] L*»b J Sc* I ^>» 01 1 

JB««lJi^)Sfll*!K— ***Bfe>PflHM*- 

(f. L=9 0mmgS, W=6 0mmSS 

[0026] 4fc. 0 1 2 t^-rtfc^S 3fr£j£3sT 
tt, SJS^ B B B 3. 6 Sr. A**7r-f Ai , 2t5«fc^ 

[0027] $ ibts 0 1 2 <,z^-tWt-<r>myt£&M<n 
ffli- |Bfit:*sv^(4, SStJr^alS, 6kfiSH7T-f 
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w%bm%h&2cr>&w&ttL%tfb^\.zm%h l ® 

i.x%w^m<r>m^tt LxizjjLo hffim%ftJi&w 

1 mmm^ty r 4 ^^^wmmm.-thw. i ®^ 
iis>xt£ j t%z-x%&mii'^XT*>y'vt. * 

off 1 u ^Xa>£ ttW«nfc«9MBi<OflBK*4WKBI«) 

Slff^^tt^MSSrfflv^ .r b tzi 0 % «$«S<o«3fc 

&ortt*m-^(Mb LTOBt*«t"ca»t d i* 

£ 63§ L p & mc*<r>& 2 H)igftffl3fc7 r -f A<0Sf§ 
«fcH*BOT*JIS2BI«OTfc, «-lfl2ja*gftffi3fc:? 

3t^fi£L-ctt5it l o &m2mmmtmb zttz-xmis. 

ZtifizZbZ&mbLX^Z (M13) . 

[ o o 3 7 ] . fssss 1 3feK^iaie3taj^iist- 
mtb Lxm^&£oizmf&.Lxi>x^ m&mi 

(n^ni5). 

[0038] 

t«ffl«§WlS«>»JBi] I3iB*«Ht-C*«BBtfMK 

(A) mStJ&g®*>!8BJ 
( a ) ftfiagSKOKH 

wiktf. z.com2iz^-txoiz. mzmA,*zm±J3X'yt 

iiCOX'h 0 . Cl«i2 K5rf ^. -r A (i . 

^fi^utaii oo i <&fgottiB) . 5Kejaai oo 

2 (5H30HH) i*£XfV*:-hT>77 40, 7 50 



[0 0 39]3feS^S10 0 1(i, fl-f-LD (Laser 
Diode: U-if^Jf-K) 810. ^h7>'78 2 
0. WMftltiJj%M2 0 00, EljgfflLD2 0 0£-e-3: 
xTttt&SftTisD. OTLD8 1 0fcrcf&4i£i-ut7 r 
-^ffifSt-t-tHl-fati:. IfigJBLD2 0 0a»£>aS2l$ 

7^77 4 0 (3H%ttMK) fcttLTttS-KMBfcfT* 

[0040] ttz, ltmmW.1 002(2S3KPD (Ph 
oto Diode: 7* h^-f af-H) 3 7 0, 7'J7>7*3 8 
0, ®)^3t^St^a3 0 0 0i3J:lXljjefflLD7 8 02r 
**;IT11MUJ*VC*J9, HfigfflLD2 0 0*^ai^]$ 
• 4 8/zmgJg^lSbeftfcitfiS^l • 4 6 

umn&commjtizx o yt-b?^ 5 0 (igH3t 

[0041] 'Jt-b7y7740, 7 5 014, itK 
&kOt\ ED F (Erbium-Doped Optical Fiber : 

g^siai o o ifc*swc, inm^n^d^^-f-L 

D8 1 0]6>.'9^b7>'7 , 8 2 0tA*?ft. Z<r)#X 
hT>T8 2 0K:J:-9TilMi*<ifc«. Hjie5feai^a 
20 00C7JJ**t*- X. H"*fc. HliefflLD2 0 0 

*£BW^#ffliiB*ai3rt6B2 ooo izxjj zti. ze> 
®jS3tai*^S2 o o oizts^xm^kWii&tk&^t 

%lZtitz&. U h 7^77 4 0 Ci*frr^C b dzj: 
0K:J:-3TJi1e$ix*:f£. 'Jt-b7>77 5 0(Ci*<t 

[0042]-*, #fisaa«i oo2ic*ivvc. itee 

HLD200 jb^Uie^a^lE 3 0 0 0 tclJjg^A 

d^aie^^asooo^u^-hrv 
r 7 5 o (ci!WB*fcai<w-* i t izx omsriswa^fipar 

a. ffi^3fe{i:!; ; E:-hryr7 5 0t:J:o'rJii|i$iX3t 
a. lJiS3fcfr?Si^B3 0 0 OKiM^^ii.?.. SjjgTfea-m 
gi3 0 0 Ofciswc . fi-^iBbjejek^-KS*!.. 7* 
VT>73 8 0lz£'Om®2tirz1k. 38tPD3 7 0(C 

[00433 _h5B<OJ: o^:5teiM^Stfcv>-C. 09i. 
Of. ■eiHmfc* { 0- 2dB/kmO3t7r-f>'N'SrfflV^T5 0 

jg3tai*ialS2 000, l)ie3lWJ-^E3 0 0 0*>/o 
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li, 221 (?>m&$:wm£&t&& i wmffitx-h 

J: "3 C PMF2 1 1. 22 l£. * 

^^**5W::iS&4*:lii£-ri> i a iztm (ftme ) 

' ) , £<9BL PMF21 1 . 21 ltta'J^-M/^ 
XI 1 2-l«+**fc»l/Ctl*TOi: 3 a:**3fc*-» 

[0 0 54] ^07x;U— ;H 1 1 a- lti. 06 
( a ) ~ ( c ) IZ7F?£ 0 2O<07 x^-/l^»T' 
*i¥«7x^llla-ll, 11 la- 121 

/Hlla-ll, 11 la-1211 *9 5 
JKR^itTV^. 4fc, imW7x;P-;H 1 1 a- 1 1 
Cli. PMF21 1 1 a-1 5#» 

jfcSJvCfcD. H«C *«7x*-A'l 1 1 a - 1 2 
fcfc. PMF2 2 lfclfflW*7t»l 1 1 a-1 5**J& 

[0 0 5 5] £;Hfe*tfC*l 1 1 a-1 5Wx^ 
— 1 1 1 a - 1 1 , llla-12 lZ J&&tt~&^&b 
Uli, fll7x^-;Hlla-ll, llla-1 
2C0!&&miZ. PMF211, 2 2 1 fcta«H®0*74 

^-M/>-Xll2a-lli. PMF140, 14 1* 

lSOt»!BVW:lI82. 5mmW»UyX) , d<7>3'J 
jt—hUyXl 1 2 a- Hi. PMF2 1 1. 2 2 1* 

XI 1 2a-l£a3§&KSV^¥fTfti: 5 5:&.fco^ 
7x;MH 1 1 a - 10T8H! (01 ffiW= 

[0 0 5 6] «SB5f»Al-2 0a-l«4A^-^ (TiO 
2 >-W5WWSWltMHtBlWS*"C'* , 5« -tOtfifl* 

- i*fe»ass*i&«a^^3W4Htn^s*fW 

[0 0 57]-*4rfc*. PM F 2 11, 2 2lK*il 

wffi»sft*2aw*>flBfcis#iMt*"*# (bwb*) 

^^comSJft^a 1 2 0 a - 1 SriiiS-rSlg. *g®ffr*£ 
SI 2 o a - l«)ISJMftv(ciB3W*fli3KlHfc* s *-&* 

4g®Jff^B B B 1 2 0 a - 1 tfMBillttvfcWflrflBKlIfe*' 
[0058] 4*:. SUWrttAl 20a-Hi. *cotg 



fc J F«WBl«SA'C* 9,3'J>-M/yX112-l 
tf)TSS08 ( 0 1 ) &gl::Et&$it& ± o teSr^T 
^£>. £«»SHjrafll20a-lS>3y.* — hl^X 

1 1 2«>lltfrrt]*SLIi, PMF211. 2 2 1«3'J 
jt—hlsyXl 1 2- 10MlZtt~?&Mm.& <g51^S£ 
JBHrCtt 6 • ) t . 4HbMWB»rtS» 1 -2 O a - 1 fcA 
S«-&iltf>raRiD («i«3fWl*IBBJBT-i±0. 4 m 
m) fcfcl.i:o"Cj&bS>*l£fctf>T\ ffl&tfr&iu 1 2 0 a 
- 1 CAStSflfc^ft* 1 * SStJfSol 120a-l«0I 

[0059] 0 1 (c5^«SI9KBK:*JV->Tli, « 
SDt^b b b 1 2 0 a - 1 «4fiAM v teASf-TS^it^ 

J: 3 9, Z<r>i£&Mvl±. PMF2 

2 10ilftffikit£-r&kk ttc. PMF2 110W3K 
mtW-WztoXte*) . PMF2 1 1 a»£A8tSixS3fc 
ttaUfflfftSftl 2 0 a - 1 rtfcWSft (0 1 

EE) i:LTil^-t-S.J:atc^rr>-Ct>0. — 3fiT. PMF2 
2 l*4>AI*^tLl>3t{i;1gSt>ffeSl 20a-l^g 
ft (Bl "MB* o|MH) iiLTiiii-t-Siot^o-CV^ 

[0060] vvx-fr)V-sr\3 0\t. xf^^^r 

**»&*9» 7x;MH 1 1 a- 1 , ay* — 

XI l2-l*JJ:rfWJBWf«»l 2 0a-l£@5rr& 

i>cox-h&. i»i/>-X*;^ l 3 o 1 3 >j >-M/y 

xi 1 2-ii5iv : mmm^i 20 a-i tJiflsa^ 

X*;W^1 30t7x;k- ;H 1 1 a- 1 kid. 3W 
- h P>X 112-1 fcOJKuSflm* Lfcffc. 

[0 06 1 ] iiXfcJ: 0. !JSefflLD2 1 0, 2 2 0* 
fePMF2-l 1, 2 2 1 tCjtHJSttfcft (Jffljgft) (i. 

-hU^X 112-1 cr>tp,£Mfr to %£&McO<imz}Jti 
ZtlX^ fct>K3'J^- M/^Xl 1 2- KOftttk^ 
iff^3'J^-hh'-A3ti:^t. tgJS#r*SifBl 20a 

- 1 t&wiz%\ii-£ti2> . 

[0062] ^SMmm^B 1 2 0 a - 1 t,Zt$UXl±. PM 

f 2 2 1 ij^mta^ti^mt^t Lx^immm 

jg#f&hPBl 20 a-1 rt$riljg-r h—-J5. PMF211 
*femS<TJWW41MWflSft 1 2 0 a - 1 rt^iJUT 

WBBKtSA 1 2 0 a - 1 ^Offil^mtfc^Tii^^^ 

[0 063] 4*. fll3t^*3U>-^l 0 0 a-1 
, 4 ^—9- 1 o 5 Sr^- LTgtt4 KJ»SW«*RK: J: 
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[0073]**:. 7x/P-^9 0 1 <9±SHBI (M#4 
fl) «-9*«ra'J>-bt*-AlcfflW*3 

l M_ h i / ,yX9 0 2#E^$* r t^&. ^yxftiw 

0 1 tJiffn — Y\y~yX9 0 2 &<fc 3 

0 lOff-^LD 8 1 OTtt, 

£*£WR»8 2 OCflWL. ftifl«i#8 2 Ofcfcwc 
£4>fI-*tft*«M6Ui8L *Vt4XS 2 1 SriiLTfl 

[ 0 0 7 4 3 ft-*!-:? u 8 0 0 «cAat3*ufcte-9# 

14. ftf . — M^X8 0 2CA8t£*U 

-V t-icsa«s*iTBr««oA«ftT*r9iR8 o 3 

fcAIW*. *r9l»8 0 3fcAJItS*ufcflW' 

3fctf)-S5<9j£#»i. »CR»3*U ft7r^<83 1 
?r31-DT7*h^r58 3 0tcAlt$tL^. — SO 
jfcfrKovvcte. #7*7188 0 3 £5131 U 7M7l-~ 
?89 O&jlofctiL WDM14 6lCASt$ixS. 
[00 7 5] #*3. 7*hXrr58 3 0fctJV^T. i<0 

Io«^*LD8 lOttWM-ftikCiO. 

fflBttOWV^t 

0~2 4 0fcJ:»K «1«IPMF2 1 1-2 4 ICi 

[00 7 63 lit. 2o«BiBfflLD2 10, 2 20 

PMF2 1 l«J:lf22 1^LTJSteB*6«»l 0 0 
a-lfcAIW*. WBWLD2 10.- 2 2 0CiOa 
StSftfcSbiBftti:. PMF2 11, 2 2 1 £5I3fi-rS£ 

1 0 0 a - 1 ASH"& . 
[00773 UiSJBLD 2 1 0*5 J: V2 2 O^fe^il-f 

*uMts*ifc. 2v*K«*&«««#*-e**2o*> 

tfcltl . 4 6/imtOH)J©teti:> 1 0 0 a- 

5ci*»rcaa»**t*. aefflLD2 3ot5ii/ 

24 0(4. fcfctclfcftl. 4 8jum<0l)jg5fc (3l2!jg 
3t) £PMF2 3 1 &itf2 4 1 ^fCBljaat&JRW 
100a-2C7JtU d^®gfflLD230, 240 
tcj:9as»3*ufc*«**** PMF23 1. 24l£S 

MB%&j£ff 1 0 0 a - 2 fc ASt^S . 
[0 0 7 83 4fc. 5V^(cttCW*0l3fcl«»*T**2 

i . 4 8 vmcommxi* . sj^^^sp 1 o o 
«» tB»7 o fcifdtrcstajsfts . aeafc&jfca* 1 o o 
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feBSXtt. -£f£JI4 5fctSttS-ii8ffi (03*:£ffl! 

[0079] — #. lae^^SS 1 0 0 a - 1 
Ztlfz&M 1 • 4 6//m<DM3^j££ftfcEJiiS3tt4. 
^14 5*0flfeSSB (i3"f6fli) tAftL. icO^-jS. 
$14 5<OflB5T'£K3* £*U lffiig^^ 1 O 0 a - 2 

[0 080] i^>J:atcLT-&»$<ifcllBB3Bi. 
g|4 5*»fe«-9*Ua*«7 0^aJ8*$iT.&3£<*«T\ WD 
MK4 6£3I3§-$-&#. £«>WDMR4 6(C&W£ . mf 

1. 4 6 J umC0®e5t*3<fcy f ^ftl • 4 8/im<OffllS 
3t) 14. WDM14 6(7) — (B3+£fflnH) *»4>A 
Sit. 6 $r^oSjS"f*l> . 

[0081 1 «-9-au^-^8oo*»4>aa»s*i 

fc«*BKtt. WDMI4 6<7)tt$mmz}JiiL. IWD 
MJS4 6*>*BBT£R»3i'U WDMI4 6 £r£»lr*- 

t-Atc3a*3*Ufctt. 3«t 10 0 1 
ai^3i:tTfe5*JS7r-f>'N*2 9 0lcaili$ni». :<« 
«^M3Wifga»7T-f A2 9 0*aoT.'J*-hTV 
7"7 4 0fcAaS*U d<0»J*-bT>-r7 4 0tC*JV^ 

[0082] ZhiZ. V*-hT>77 4 OtCiOiite 

r 2 9 0 fctf L/C u 

ytv~ti 5 otcj|t^>tt» set. i^y^-hr^r? 

5 0lCfcV^T{i. JBBB*»«K«3 0 0 0*»fe«)tl*« 
i OJWiSfufcflfc. ^eM3SSl 0 0 2fcHgiH3*U>._ 

[0083] y*->ryr7 50CJ:oriite 
ztttzm^mt. &am7T4><>2 9Q*m->x%&5& 
mm.\ o o 2£*5it*«*!*itas»7 o<on y^-hv 

^>C7 3tcAI*$iX. C03y^-hl^^X7 3Sriiii 
•TS i i: lc i 0 3 'J ^ - »» t'-A fc LT WD MIS4 6 Iz 
Alt^tLS. ^<50WDMM4 6tAlf$iX^^Ort. & 
# 1 . 55^ m^ft-^ttt. WDM14 6 

fi-93y^t-h9 0 0fc:itl»tr{IJ#35*».*. i 
O^EIt S il*:** 1-55// mOfi-tMSti . 7M V 
-^9 9 0iilofctt. ny^-hUyX9 0 2CAJt 
S*U ;W3U>- h^>X90 2§r3iiii-&^i:t:«t 

o a y ^ - b tr-^(c«»s*ifc«. *7T-f /< 3 7i 
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d<50^Stff^B B B 1 2 0 bc7)M^ffiSr-r-^°Bi:8^r. 
[ 0 0 9 5 ] SriJs SI t-*^S^Sfc:*JV%T(i. H 
JgflfgiA 12 0b OtSAIS v 14PM F 211 W«3tBtC 
^fc^ri.iolC^o-CtJO. PMF2 1 l*»<c>A»$ 
*U>ftl4#l?gfti:L-t. X« PMF 2 2 1 frt,*M2tl 
**»i«*k tT -e-ix-m«S#rgiA 1 2 0 b |*j SriliS 

2 1 0~240 (03#^) C«tOPMF2 1 1 , 22 

1 lz$HtiZtitiftl±. SvH-it^^SMTtfflSr^t^* 

^t, J5rjewffi«ftt*tT«i»fteAl2 0b^)tBB: 

[0 0 9 6]«Bl«Sftl2 0bK:*JV^Ttt, PMF2 

Ml 2 0brt^iHW-*-*. PMF 2 1 l*»4>»ffi 

^OftttSJBEffttAl 2 0 b*WW«BBa»6H— *W<^ 

fcr. #f|HJfc03l 1 HiftJBJBk LT«0«3fc&j£3BEtf>3S 1 
SSBftfc: iitfcf . _ki£Ui:Hl iZvk-fmytS&giW. t PJ 

m<vftm%>&znhzttf'cz&i&. ?x/mh i 1 
[0097] (o«i!aBrai«fS2SsewwKW 

±»«D*1 jBt»!BC***»**fiKSSifill 10 0 1. 10 

0 2 , K)jg3feiii;']l£B2 0 0 0i> J:t/fflJig3fcfrSii£S3 
0 0 0 0«3t^^fit t T <0®)g7fr£-j£SB 10 0a- 
1. 1 0 0a- 2 (H3#SR) (COWCtt* B9 

stc^-r «fc a %®m±f&& i o o c fc«iT«ffl-r* 

[00981 -t^hib. &8tt*&8&>M 1 ^MMb 

lx nmit£f8MW.<nf5 2 &&me>¥te*&&3tzi#t 

BfHHT* 0 . ®J5©fc£j£& 1 0 0 c ^«i8 few 

-r«k 5 @7(cijrr«^^a 1 o obwi^yx* 

/k^l 3 Ofc-ftxTUVX^^l 3 OcSr 

ti>lz. gftPD 1 50 SSJf 

ISftl 2 0bfc«iT«HiWSftl 2 0c**sfiri.&fc 

0 0 b fcfflMc»Jft3*iTH4. 

[ 0 0 9 9 ] s 0*. Eli6<0fiF#i: <^firf-tel§I 

Ji^ag-r 4 . *JBM«SA 12 0cll i7 lZ7r<tm]tk 
mm 1 0 0 b<0«®ifrtilA 1 2 0 b t H»W«lft«r* 

2 lj&^SStt-TiiO. i^AWffi^AML^ (-T^r 

PMF211. 22 1*»4>**i-C f *lA«Lfc5V» 



HI 2 S5tPDl 5 0CAJt-TSJ:atc: 

tfoX^h. 

[0100] l/^X*y^l 30clJ. 01 lzfr?tmyt 
<£&g£W 10 0 a-^, 07 lZ7FCtMy££&&W. 10 0b 

J:9ttlJ£3*u 7iiMHllb, aW-M/^X 
1 1 2&J:tflSJBE*»SA 12 0c SrlSSTtS t><0T»4 
A*. iCOW -yXi£A>? 13 0c £t3f7& . 1g/Siffi&ifa 1 
20c«*r7ll 2 lfcioTRWSilfcJBjffllMJR 

(C, 3 1 CKI45BCPD1 5 0*fBR3*l 

[0101] SftPD 1 5 0t±. »KLfc3te«:«SMS# 
«MIW*5S#*^"C*9« #7°7l8l 2 1 lz£~?XK 

m^ixrzm^i-^tiz^x^-^-t&^-^ut lx 

[ 0 1 0 2 ] ifc. *^S(i0*L^rV^fflije3t*iJ«l^a 
aefflLD 2 1 0~2 4 0 (G93#flR) SrWWU 

pd 1 5 ofr^mbn&mtgit<r>%v£KjBttensttE^ 
srgtrt . z comMm^t^mm^immmz^.^ 

? >< t^tC®jefflLD2 1 0~2 4 0 2:*iJflrri. £?tZ%: 

[0 103] _B&£>fltj£fc<l:9. Ij^fflLD 2 10—2 
4 0 (03#gg) (dj: 0PMF2 1 1 . 2 2 1 fcr|*ili£ 

^ttl^'tl^ Ox — hi? yX 112 0"K*4> ^^ffiJStPB 
TfctittUc. 2c04 , '^f4i:Wt- 

A^UTHUBt^A 1 2 0 c<r>i&mffilz£mZtl&. 
[0 1 04] ^Siff^l 20cfc*JWCl4, PMF 2 
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5 SPECIFICATION 

FIBER OPTICAL PIGTAIL GEOMETRY FOR 
IMPROVED EXTINCTION RATIO OF POLARIZATION MAINTAINING FIBERS 

Field of the Invention 

1 0 The present invention relates generally to fiber optics. In particular, the present invention 
relates to the grouping of polarization maintaining fibers. 

The Prior Art 

Background 

In the field of fiber optics, one of the most valuable properties of light is the 
1 5 phenomenon of polarization. Light is described as a transverse wave when travelling through a 
medium such as glass, air or vacuum, whereby by the electric and magnetic fields which 
comprise the light oscillate in a plane perpendicular to the direction in which the light is 
travelling. Many factors may influence the polarization of light, including reflections from 
surfaces, external magnetic fields, and in particular, stresses in the transmitting media. 

20 Figure 1 shows a cut-away view of a prior art optical fiber 100. Optical fiber 100 

includes a core 102 within cladding 104. The indexes of refraction of the core 102 and the 
cladding 104 are configured using methods standard in the art to allow light launched in to the 
fiber to be transported through the optical fiber 100. The core 102 and the cladding 104 is 
typically encapsulated in a jacket 106, which may be fabricated from material standard in the 

25 art such as a polymer. As is known by those of ordinary skill in the art, the index of refraction 
of a typical optical fiber is isotropic, and thus when light is launched in to a fiber the light will 
tend to travel with an arbitrary polarization direction. 

However, in some applications, it is desirable to have the light propagate through the 
fiber with a predetermined polarization. Therefore, the isotropic indexes of refraction of 
30 fibers, coupled with the fact that internal stresses in the optical fiber can influence the 
polarization, causes problems with fibers when used in the field. For example, during 
installation and use, the optical fiber may be bent and twisted, or exposed to temperature- 
induced stresses. Any bending of the optical fiber may change the polarization of the light 
travelling therein, thus influencing the final output. Furthermore, temperature-induced changes 
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5 414 at an arbitrary angle. The inventors have determined that having axes intersect at arbitrary 
angles lowers the ER of the pigtail pair. 

Figure 5 is a cross-sectional diagram of a pigtail pair 500 configured according to the 
present invention. The pigtail pair 500 includes similar elements as shown and described in 
FIG. 4 and similar matter is designated with similar designations in FIG. 5. 

1 0 To maintain the ER of each fiber between a pigtail pair, or a group of PM fibers 

arranged as an apparatus, the inventors have proposed the following solution. 



Unlike the pigtail pair of FIG. 4, first and second PM fibers 402 and 414 in pigtail pair 
1 5 400 are disposed within ferrule 428 in a predetermined manner. In the presently preferred 
embodiment shown in FIG. 5, second PM fiber 414 is aligned such that its corresponding 
stress applying parts form an axis which is parallel with secondary slow axis 426. In a 
preferred embodiment, the stress applying parts of second PM fiber 414 each fall on the 
secondary slow axis Of pigtail pair 500. Also, second PM fiber 414 is aligned such that its 
20 stress applying parts fall on an axis having an angle of approximately a 90° angle with respect 
to the secondary slow axis 426, as indicated by a. 

Furthermore, the first and second PM fibers 402 and 414 are disposed such that their 
corresponding stress applying parts form axes approximately rights angles (90° ) with respect 
to each other. Thus, a method is disclosed herein whereby a plurality of PM fibers may be 
25 disposed such that the PM fiber's corresponding principal axes intersect at approximately 
right angles (90°). Additionally, a method has been disclosed herein whereby a plurality of 
PM fibers may be disposed such that the corresponding principal and secondary axes intersect 
at approximately right angles. 

Since the principal axes of the pigtail pair is overlapping on top of that of each PM 
30 fiber, the inventors have found that by disposing PM fibers according to the embodiment as 
disclosed in FIG. 5, the ER of the PM fiber in pigtail pair is maintained. Further, the 
polarization direction of light traveling through each PM fiber in the pigtail pair is usually not 
affected In another words, it will be maintained along either the slow or the fast axes of the 
PM fiber. 
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What is claimed is: 

1 . (Amended) A method for improving the extinction ratio of a grouping of polarization 
maintaining (PM) fibers comprising: 

providing a plurality of PM fibers, said PM fibers each having corresponding 

1 0 principal axes; 

disposing said plurality of PM fibers together as a grouping, said grouping having 

corresponding secondary axes; and 

aligning each said plurality of PM fibers such that said corresponding principal 

axes of each said plurality of said PM fibers and said secondary axes of said 

1 5 grouping intersect at a predetermined angle while maintaining distinct optical 

transmission paths in each of said fibers in said grouping. 

2. The method of claim 1, wherein at least one of said predetermined angles is 
approximately 0°. 

3. The method of claim 1, wherein at least one of said predetermined angles is 
20 approximately 90°. 

4. The method of claim 1, wherein said PM fiber comprises a PANDA fiber. 

5. (Cancelled) 

6. The method of claim 1, wherein said PM fiber comprises a BOWTDE fiber. 

7. The method of claim 1, wherein said PM fiber comprises a PM fiber using SAP. 

25 8. (Amended) A apparatus which improves the extinction ratio of a grouping of 
polarization maintaining (PM) fibers comprising: 

a plurality of PM fibers, said PM fibers each having corresponding principal axes; 

said plurality of PM fibers disposed together as a grouping, 
said grouping having corresponding secondary axes; and 
30 whereby each said plurality of PM fibers is aligned such that said corresponding 

principal axes of each said plurality of said PM fibers and said secondary axes 
of said grouping intersect at a predetermined angle while maintaining 
distinct optical transmission paths in each of said fibers in said grouping. 
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9. (Amended) The apparatus of claim 8, wherein at least one of said predetermined 

angles is approximately 0°. 

10. (Amended) The apparatus of claim 8, wherein at least one of said predetermined 

angles is approximately 90°. 
10 11. (Amended) The apparatus of claim 8, wherein said PM fiber comprises a PANDA 

fiber. 

12. (Cancelled) 

13. (Amended) The apparatus of claim 8, wherein said PM fiber comprises a BOWTIE 
fiber. 

15 14. (Amended) The apparatus of claim 8, wherein said PM fiber comprises a PM fiber 
using SAP. 

15. (New) A apparatus which improves the extinction ratio of a grouping of polarization 
maintaining (PM) fibers comprising: 

a plurality of polarization maintaining fiber means, said fiber means 
20 each having corresponding principal axes; 

said plurality of fiber means disposed together as a grouping, said 

grouping having corresponding secondary axes; and 
whereby each said plurality of fiber means is aligned such that said 

corresponding principal axes of each said plurality of said fiber means 
25 and said secondary axes of said grouping intersect at a predetermined 

angle while maintaining distinct optical transmission paths in each of 
said fibers means in said grouping. 

16. (New) The apparatus of claim 15, wherein at least one of said predetermined angles is 
approximately 0°. 

30 17. (New) The apparatus of claim 15, wherein at least one of said predetermined angles is 
approximately 90°. 

1 8. (New) The apparatus of claim 15, wherein said fiber means comprises a PANDA fiber. 
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19. (New) The apparatus of claim 15, wherein said fiber means comprises a BOWITE 
fiber. 

20. (New) The apparatus of claim 15, wherein said fiber means comprises a PM fiber 
using SAP. 

10 21. (New) A polarization beam splitter/combiner comprising: 

a body having a single mode fiber and a pigtail pair each optically coupled to 
said body; 

said pigtail pair comprising a plurality of polarization maintaining (PM) fibers, 
said PM fibers each having coiTesponding principal axes; 

1 5 said plurality of PM fibers disposed together as a grouping, said grouping 

having corresponding secondary exes; and . 

whereby each said plurality of PM fibers is aligned such that said 

corresponding principal axes of each said plurality of said PM fibers 

and said secondary axes of said grouping intersect at a predetermined 

angle while maintaining distinct optical transmission paths in each of 

said fibers in said grouping. 

22. (New) The polarization beam splitter/combiner of claim 22, wherein said pigtail pair is 
disposed within a ferrule and said plurality of PM fibers are affixed with epoxy. 

23. (New) The polarization beam splitter/combiner of claim 22, wherein said alignment of 
said axes is maintained throughout the curing process of said epoxy. 

24. (New) The polarization beam splitter/combiner of claim 23, wherein the polarization 
direction of light traveling through each of said PM fibers remains unaffected 
throughout said curing process. 

25. (New) The apparatus of claim 24, wherein at least one of said predetermined angles 
is approximately 0°. 

26. (New) The apparatus of claim 24, wherein at least one of said predetermined angles is 
approximately 90°. 

27. (New) the apparatus of claim 24, wherein said PM fiber comprises a PANDA fiber. 
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28. (New) The apparatus of claim 24, wherein said PM fiber comprises a BOWTEE fiber. 

29. (New) The apparatus of claim 24, wherein said PM fiber comprises a PM fiber using 
stress applying parts (SAP). 

30. (New) The apparatus of claim 8 or 15, wherein said grouping is disposed within a 
ferrule and said plurality of PM fibers are affixed with epoxy. 

31. (New) The apparatus of claim 8 or 15, wherein said alignment of said axes is 
maintained throughout the curing process of said epoxy. 

32. (New) The apparatus of claim 8 or 15, wherein the polarization direction of light 
traveling through each of said PM fibers remains unaffected throughout said curing 
process. 

33. (New) The method of claim 1, further including the act of disposing said grouping 
within a ferrule and affixing said plurality of PM fibers together with epoxy. 

34. (New) The method of claim 33, further including the act of maintaining said alignment 
of said axes throughout the curing process of said epoxy. 

35. (New) The method of claim 34, further including the act of maintaining the polarization 
direction of light traveling through each of said PM fibers throughout said curing 
process. 



